Tomato pomace pigment was extracted with organic solvents and corn oil,purified and fractionated on MgO:
INTRODUCTION
Tomato processing industry generates huge amounts of waste that is usually disposed of by dumping in open sites thus creating environmental problems (Saev et al.,2009) . It is estimated that utilization of the tomato pomace would alleviate the problem, offer the industry a cheap source of natural food ingredients and enhance the profitability of the tomato processing business.
Colours play an important role in formulating many of our decisions in life. Since the act of eating represents an extremely personal behaviour, it is not surprising that colours influence our choices of foods in the role they play in flavour identification, food preference, pleasantness and acceptability (Rao et al.,2004) .Colours are usually added to foods to improve their appearance by imparting a colour to otherwise colourless foods like sugar confectionary, and some desserts, or to compensate for any natural colour loss due to degradation during processing, or to achieve colour uniformity of the various batches of processed foods especially when raw materials have different colours ( Bellisle et al., 1998) .
Unfortunately, colours are used in some cases illegally to conceal defects in the food.
Since some synthetic colours have been implicated in the causation of cancer in laboratory animals, the search for alternative, safe natural food colours has intensified and continues to top the priority lists of many research laboratories around the world ( Amr and Tamimi, 2007) . Regulations which ban some artificial colours from foods and the costly safety tests required for the licensing of synthetic colours, designed for use as food additives, have encouraged researchers to look for new sources of natural colours. Food colours from new plant sources have been used or suggested for potential use in a number of foods, including anthocyanins from red grape skins (Camire et al.,2000) , roselle (Aurelio et al.,2008) , and red radish (Takashi et al., 2002) .
Carotenoids which make up tomato pigment are responsible for most of the yellow, orange and red shades in the living organisms and are considered among the most important groups of natural pigments used as food colorants ( Francis, 2000) . They are fat soluble and can form emulsions or colloidal systems in water which makes them suitable for use in certain food applications.
Indeed, the carotenoid astaxanthin was extracted from crawfish by Charest et al.(2001) and recommended for use as a natural colorant of foods. However the low stability of natural carotenoids towards oxygen, heat and other environmental conditions in addition to their low water solubility has limited their use in foods. The use of antioxidants and vacuum packaging can help alleviate the stability problem (Delgado-Vargas et al.,2000) .
Some workers ( Baysal et al., 2000 and Sabio et al., 2003) have extracted pigment from tomato waste using supercritical-CO2 techniques, however both studies focused more on optimization of the extraction conditions rather than stability of the extracts to various environmental conditions or its use in food systems.The objective of this study is to extract the pigment from the tomato processing waste with organic solvents and corn oil, compare the efficiency of these extraction media, fractionate the pigment to its individual carotenoids and evaluate its stability to heat, light, oxygen and pH. The ultimate aim of the study is to use the pigment as a natural colorant of some foods and evaluate its acceptability by a taste panel.
Materials and Methods

Procurement of Tomato Pomace Samples
Tomato pomace was obtained from Al -Arda AMPCO tomato processing plant as a by-product of the tomato paste processing operations. It is composed of tomato seeds, some tomato flesh, and skins with a moisture content up to 87%. Samples were kept in polyethylene bags, flushed with nitrogen, and frozen for subsequent extraction.
Pigment Extraction
Samples were thawed at room temperature, then ground finely using a kitchen meat grinder (National Meat Grinder, model Nr. 104214, Japan). Two hundred gram-portions of the pomace were extracted separately with 500ml volumes of each solvent or solvent system used. The mixture was kept in a 2 litre flask wrapped with aluminium foil, flushed with nitrogen for 5 minutes (Amr and Tamimi, 2007) , and shaken vigorously at room temperature in a mechanical shaker (Edmund Buhler type A Nr. 93721, Germany) for two hours, followed by vacuum filtration in a large Buchner funnel (15cm. dm.) using fast flowing filter paper (Whatman #5). The filtrates were then collected and the residues were re-extracted in the same manner until the solvent became colourless. The number of extractions to reach this point depended on the solvent used. The filtrates were combined and transferred to a separatory funnel, washed with 2.5% sodium chloride solution to initiate the separation and formation of two layers (Amr and Tamimi, 2007) . The lower aqueous layer was run off, and the red upper layer was dried over a bed of 
Solvents and Solvent Systems Used
Twelve solvents and solvent systems were used to extract the pigment from tomato pomace as follows; ethanol, methanol, acetone, diethyl ether, butanol, hexane, petroleum ether, trichloroethylene: ethanol (1:1), carbon tetrachloride: ethanol (1:1), hexane: acetone (1:1), hexane: ethanol (1:1), and hexane: acetone: ethanol (2:1:1).
All solvents were double distilled unless they were of analytical or HPLC grade.
Determination of Pigment Concentration
The carotenoid content of the various extracts was determined, and expressed as lycopene by diluting the extracted pigment in hexane and measuring the absorbance of the solution in a Kontron Uvikon 810 UV/visible spectrophotometer(Kontron Instruments, Watford.U.K.) at 470 nm which is the maximum absorption peak for lycopene, the major carotenoid in the extract.
Total carotenoid content was calculated using the following formula (Schoefs, 2002) . The pigment (carotenoid) yield as mean of two replicates was expressed as mg/ kg tomato pomace on both wet and dry matter basis. All extractions were carried out at room temperature.
Extraction with Corn Oil
Corn oil also was used for extraction of the pigment extract. A mixture of 100g tomato pomace and 100g corn oil was heated at 60°C with continuous stirring in the dark, until a deep red oil-base pigment extract was obtained. This was filtered using a white cheese cloth, and one gram of the filtrate was diluted in hexane, and its absorbance was read at 470 nm. The carotenoid concentration in the extract was calculated from a standard curve of the pigment extract in corn oil diluted with hexane.
Purification and Separation of the Pigment Extract
Defatting of the Pigment Extract
The extract was mixed with 6% W/V ethanolic potassium hydroxide solution (Schoefs, 2002) then the mixture was allowed to stand overnight under nitrogen in the refrigerator. The mixture was then transferred to a separatory funnel with an equal volume of diethyl ether (Free from peroxides by filtering through active alumina), then 20 ml volume of petroleum ether was added, followed by water until two layers were formed. The aqueous phase which contains the saponifiable matter was re-extracted with ether and the combined ethereal extracts containing the pigment were washed with water until they were free from alkali, these non-saponified extracts were dried and evaporated under a stream of nitrogen and kept in the freezer at -10°C for further analysis.
Column Chromatography of the Pigment Extract
A MgO: Supercel (1:1) column was used to separate the combined pigment extracts, as follows: 40x2 cm pyrex glass column was plugged with cotton and topped with a layer of fine sand, then it was wet packed to 30cm height with MgO: Supercel (1:1) soaked in hexane for one hour (Melendez-Martinez et al.,2007) .
The column was tapped with a rubber-coated glass rod while being packed. A one centimetre thick layer of fine clean sand was placed on the top of the packing material to prevent blocking of the column. The column was wrapped with aluminium foil to prevent fading of the carotenoid fractions by light during elution. In addition, a stream of nitrogen was applied occasionally to the column to prevent oxidation of the pigment particularly during solvent application (Schoefs, 2002) .The defatted extract was applied in a minimal volume of hexane, and a stepwise elution was effected by increasing solvent polarity in the following order: Purified hexane for the elution of phytoene and phytofluene, 2% acetone in hexane for elution of β-carotene, 5% acetone in hexane for elution of δ-carotene, 7% acetone in hexane for elution of γ-carotene, and 15% acetone in hexane for elution of lycopene (MelendezMartinez et al.,2007) .
Carotenoid fractions were easily separated by watching the coloured fractions moving through the column. The separated fractions were separately concentrated under a stream of nitrogen, kept in sealed, light-protected vials and kept in the freezer for further analysis. The purity of each fraction was confirmed, using silica gel TLC plates developed with 5% benzene in petroleum ether and 10% toluene in methanol.
Quantification and Identification of the Carotenoid Fractions
Purified fractions were dissolved in hexane for visible and UV spectroscopy. Spectra were taken in the range of 400 -530, and 250-400nm for visible and UV absorption respectively. The characteristic maximum absorption (λ max.) of the various fractions were compared to those reported in the literature (Schoefs, 2002) and concentrations of lycopene, β-carotene, δ-carotene, γ-carotene, phytoene, and phytofluene were calculated using published % 1 1cm E values (Schoefs, 2002, and Melendez-Martinez et al.,2007 ) .
Stability of the Pigment Extract
Pigment extract in corn oil (free from antioxidants) was used for evaluating the stability of the pigment to heat, light, oxygen, and pH. Absorbance of the test sample calculated as percent of its value at the beginning of the test was expressed as its Stability Index. This is not to be confused with the Oil Stability Index (OSI) described by the American Oil Chemists Society which depends on running the test sample at specified temperatures using special instrument for the purpose( AOCS, 1997).
Thermal Stability
Ten gram-portions of the pigment extract were kept in closed vials under nitrogen at 35, 45, 55, and 65°C for a period of 8 days. One gram sample from each vial was diluted in 45 millilitres of hexane and the visible absorbance at 470nm was taken at one day intervals.
Stability to Light
Twelve gram -portions of the pigment extract were kept in closed vials under nitrogen and exposed to the light of a 36-watt fluorescent lamp in a wooden chamber 0.6m x 1.5m x 0.7m for a period of 10 days.
Absorbance was read at one day intervals as above.
Stability to O 2
Fifty grams of the pigment extract were continuously flushed with O 2 at a flow rate of 600 ml min -1 for a period of 100 hours at 20 °C. Absorbance was taken at 12 hour intervals as above.
Stability to pH
Oil in water emulsion was prepared by mixing the pigment extract with water at a ratio of 30: 70 W:W oil to water and adding 3% Tween 80 (Sigma chemical company) as an emulsifier. The mixture was then warmed to 60 °C in a water bath for 15 minutes then homogenized to form an emulsion. The pH of the emulsion was corrected to 3 and 9 by adding few drops of HCl or NaOH ; a third homogenized sample with a pH of 7.1 was used as a control.
The three samples were kept in the dark at 4°C for 24 hours, then a 20 ml. aliquot from each was dissolved in 40 ml. of hexane: acetone (1:1V:V) and 1 ml. sample from the hexane phase which contained the pigment was diluted with 45 ml. of hexane and its absorbance was taken at 470nm.
Use of the Pigment Extract as Food Colorant
The pigment extract was added at a level of 50-200 mg/ kg to a number of foods including commercial margarine, cream, and cheese spread, as well as to laboratory-prepared ice cream, sponge cake, Kunafa dessert, meat sausage, cooked rice, popcorn, ready to cook extruded snack food and fruit juice. Enough pigment was added in each case until an acceptable colour was attained as judged by the researcher ( Table 3 ). The mode of addition depended on the type of food prepared as it was mixed with ingredients in case of the ice cream, snack food, sponge cake, Kunafa and sausage, added to the water in which rice was cooked, mixed with the pop corn after popping, and homogenized with the fruit juice. The same foods prepared without pigment addition were used as controls.
Sensory Evaluation
A simple paired preference test was used. Thirty semitrained taste panelists were asked to evaluate the coloured foods by indicating which product is preferred based on the colour. The statistical evaluation was based upon the frequencies of the preferences of the coloured samples using a two tail independent "t" test at the probability levels of 1% and 5%, (n=30) (Steel and Torrie, 1996) .
Results and Discussion
Solvent Extraction of the Pigment from Tomato Pomace Table 1 shows the solvents and solvent systems, used in the extraction of tomato pomace pigment as well as the yield calculated as mg tomato pigment extracted/ kg pomace on wet and dry basis.
Extraction with the single polar solvents acetone and diethyl ether gave 104.14 and 98 mg pigment/ kg tomato pomace respectively. Alcohols like methanol, ethanol, and butanol were found in this study to be less effective than acetone in extracting tomato carotenoids which agrees with the finding of Denery et al.(2003) . There was little difference between the effectiveness of the non polar solvents hexane and petroleum ether when used alone in extracting the pigment as they gave yields of pomace respectively.
The solvent systems carbon tetra chloride: ethanol In general, the ethanol-containing solvent systems seem to be the most suitable among the systems tried for the purpose as they gave the highest yields.
Extraction with Corn Oil
Corn oil was used in this study as a medium for extraction of the pigment.This method has a number of advantages over using organic solvents such as being safe, easy to handle and compatible with many foods.
The average yield obtained using corn oil was 97.31 mg pigment extract/ kg wet pomace ( Table 1) . Although this yield is lower than that obtained by organic solvents, its use is more acceptable from practical and safety point of view. Pu et al.,( 2011) reported high yields of astaxanthin using flax seed oil for its extraction from crawfish and shrimp shells. The yields obtained in this study are based on only one extraction using 1 litre of corn oil for each 100grams of wet pomace.The differences in the cellular composition between the pomace and the crawfish shells and the concentration of the pigment in each are responsible for the differences in the yields obtained from these two sources. Wet tomato pomace, used in this study contained about 13.3% dry matter and some quantity of seeds. Yields on dry matter basis were 731.68 mg/ kg ( Table 1) In solvent extraction, the liability of the pigment to oxidative degradation and isomerisation is high (Calvo et al., 2007) . Therefore, the use of a vegetable oil, such as corn oil in the extraction process provides a good barrier to oxygen, and retards subsequent oxidation of the extracted pigment. In addition, it provides a practical and less expensive extraction method especially if the extract is to be used in fat-containing foods. Extraction with edible oils in presence of CO2, N or propane under supercritical conditions was recommended by Sun and 2006) for extracting tomato skin pigment with minimum oxidation and colour loss. /kg tomato peel powder reported by Calvo et al.(2007) .
Carotenoid Fractions and their Proportions
Phytoene is believed to play a major role in the synthesis of the long C40 polyenes such as lycopene thus giving colour to many fruits (Huh et al.,2001 ) probably through a stepwise dehydration of phytoflouene and other carotenoids These two carotenoids have absorption maxima(λ) in the UV region due to their high content of conjugated double bonds. The yellow β-carotene was found at a concentration of 6.11 mg/ kg wet pomace and made about 4.46% of the total carotenoids. β-carotene concentrations in tomatoes and tomato paste are greatly influenced by variety, degree of ripeness, growing conditions and method of extraction; it ranged between 3.0 mg/kg of wet peels ( Baysal et al., 2000) to 120mg/kg of dry pomace (Calvo et al.,2007) . Both δ and γ-carotenes were the lowest fractions present in the pomace i.e.
2.36%, and 2.9% of the total carotenoids or 3.24, and 4.03mg/ kg wet pomace respectively compared to 2.0, and 15.0 mg/kg whole tomatoes / respectively reported by Khachik et al., (2002) . Again, the different tomato variety, degree of ripeness and handling conditions might be responsible for the higher levels in the pomace than in the paste. The low levels of these two fractions make their contribution to the red colour of the extract minimal, and consequently made it more practical to express the total pigment extract as lycopene which constitutes the major fraction (77% of the total carotenoids,97.58mg/ kg wet pomace).This acyclic carotenoid showed absorption maxima around 445,471, and 502nm. Although lycopene has no vitamin A activity, it is believed to have a protective effect against prostate cancer due to its ability to deactivate singlet oxygen and free radicals (Khachik et al., 2002) . Fresh tomato, and tomato paste content of lycopene varies according to degree of maturity and cultivar, Sadler et al. (1990) reported lycopene concentration of about 158mg/ kg tomato paste, while Heinonen et al.(1989) reported a level of 31 mg/ kg fresh tomatoes.
Our value of 97.58mg/ kg falls well within those reported figures. Again, variety and growing conditions play a role in the concentration of the different fractions.
Although five carotene fractions were separated from the pomace, used in this study, some of them were reported to be present only in some tomato varieties, which substantiates the belief that the gene controlling their biosynthesis in tomatoes varies with tomato variety (Huh et al.,2001 ).
Stability of the Pigment Extract in Oil to
Environmental Conditions
Thermal Stability
The effect of temperature on the stability of tomato pigment extract in oil is shown in figure 2 .Stability Absorption spectra of the pigment in corn oil stored at the above temperatures for a period of 8 days indicated that heat exerted a broadening effect on the various peaks exhibited at the three absorption maxima (445,470,and502nm) , particularly 470nm at the highest temperature of incubation.
In addition, the change from all-trans to cis-isomer of the various carotenoids was not observed during heat treatment of the pomace extract. No increase in the absorbance of the cis peak at 365nm in the heated samples was observed, and the peak maxima was not shifted during storage which supports the belief that carotenoid degradation takes place by the mechanism of direct oxidation of the pigment with little or no isomerisation ( Wagner, and Warthesen,1995 and Kanasawud, and Crouzet,1990) . It is worth noting that the temperatures used in this study are lower than those encountered in cooking and baking. Rather, they can be used as guidelines for room storage of foods containing these pigments.
Stability to Light
About 41% of the pigment was retained after 10 days of exposure to direct light (Figure 3) . The change from all-trans to cis-trans isomers was not observed as no change in the absorbance at the cis peak (365nm) was observed and the peak maxima (471nm) was not shifted to a shorter wavelength.
Stability to Oxygen
As shown in figure 4 , loss of tomato pigment in corn oil under continuous flushing with O 2 (600ml min -1 ) increased with time. After 100 hours of storage at 20°C, 75% of the pigment was retained which indicates relative stability to oxygen under these conditions of preparation. Oil here seems to exert a somewhat protective effect on the pigment from oxygen which is considered a crucial factor in carotenoid degradation.
The effect of oxygen seems to be more pronounced in aqueous than oil systems (Kanasawud, and Crouzet,1990) . 
Stability to pH
The stability indices of the pigment extract after 24
hours of storage at pH values of 3, 7.1 and 9 were 97, 99
and 98 respectively. This indicates a high level of stability under these conditions. Qian et al.(2011) reported that β-carotene and other carotenoid crystals were highly stable over the pH range of 4-8.
Furthermore, no isomerisation was observed in this study since no increase in the absorbance at the cis peak (365nm)was recorded in any of the treatments.The high retention values observed in this experiment suggest a possible protective effect imparted by the oil/water emulsion system on the pigment under these conditions. Table 3 shows that among the different foods coloured with the pigment, margarine, rice, and ready -to-fry extruded potato chips were preferred by the taste panel at the 1% level of probability, and that ice cream was preferred at the 5% level.The rest of the coloured foods were not significantly preferred by the same panel over their untreated counterparts coloured with other pigments. Potato chips 200 28** 2 * significant at the 5% level of probability // minimum agreeing judgments = 21 ** significant at the 1% level of probability // minimum agreeing judgments = 23
Application of the Pigment Extract to Various Foods
Margarine seems to be an excellent vehicle for the addition of carotenes to food products (UK Food Standards Agency, 2012). Lycopene coloured margarine can be used in bakery products or consumed directly.
The level used depends on the desired colour shade. In this study, the resulting margarine had an orange colour and could be intensified The fat-soluble pigment extract was only distributed in the fat phase of the sausage which resulted in its uneven distribution and rejection of the product by the panelists.
Finally, the orange-coloured popcorn was also rejected by the panelists who are accustomed to the white popcorn.
Conclusions
A pigment from tomato processing waste was extracted by organic solvents and vegetable oil. Although variations in yields were observed due to using different solvents, the use of a solvent system consisting of a polar and a nonpolar solvent gave the highest yields of pigment. Due to safety considerations, it is recommended to use a vegetable oil for the extraction process.
The oil-extracted pigment was susceptible to degradation by heat, light, and oxygen, and fairly stable to pH changes although the oil phase seemed to exhibit some protection from oxygen in many cases. The degradation process was oxidative in nature which emphasizes the use of antioxidants in foods coloured with this pigment. It also resulted in no observable isomerisation of the pigment from trans to cis as evidenced from the absorption spectra.
An application of the pigment was successful in case of those foods which do not receive rigorous heat treatment or contain substantial amounts of fat or oil like margarine, rice, potato chips and ice cream, while addition of the pigment was not highly accepted by the panellists in case of fruit juices, Kunafa, luncheon meat, pop corn and sponge cake. Sensory evaluation of the coloured foods indicated that there is a good potential for its application particularly to foods consumed immediately after processing like cooked rice, or to those packed under vacuum like potato chips and other extruded snack foods.
